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ABSTRACT 
Extensive studies on two freshwater aquaculture ponds in Serian had successfully documented 
diversity, distribution and ecology of blue green alga. In order to complement those data, a 
study was designed to identify and document bacteria assemblages that co-exist in those 
ponds. Water samples were collected followed by producing pure culture, Gram staining, 
endospore staining, and biochemical tests comprised of catalase test, oxidase test, SJ.M test, 
citrate test, red methyl test, Voges-Prsokauer test and T.SJ test. A total of 49 isolates were 
successfully grown in nutrient agar media. These isolates are most probably belongs to genere 
Bacillus, Rahnella, Lactococcus, Legionella, Azotobacter, Brucella, Citrobacter, Salmonella, 
Flavimonas, Edwardsiella, Acinetobacter, Pseudomonas, Deinococcus, Francisella, 
Comomonas, Hafnia, Budvicia, Alcaligene, Enterobacter, Pediococcu..<;, Actinobacillus, 
Li feria, Sporosarcina and Ensifer. However, further work need to be carried out to clarify 
species of the isolates. These data could be used as a baseline data for further research in the 
future. 
Keywords: bacteria, freshwater pond 
ABSTRAK 
Kajian secara meluas mengenai alga biru hijau dalam dua kolam air tawar akuakultur di 
Serian telah berjaya mendokumentasikan kepelbagaian, taburan dan ekologi alga biru hijau. 
Bagi melengkapkan lagi data tersebut, satu kajian telah dibuat bagi mengenalpasti himpunan 
bakteria yang saling hidup di dalam kolam tersebut. Sampel air telah diambil dan diikuti 
dengan proses penghasilan kultur asli, pewarnaan gram, pewarnaan endospor dan ujian 
biokimiayang terdiri daripada katalas, oxidas, S.l.M, sitrat, me til merah, Voges-Proskauer 
dan T.S.l. Sebanyak 49 pencilan yang berjaya hidup pada agar nutrisi. Pencilan-pencilan ini 
berkemungkinan terdiri daripada genera Bacillus, Rahnella, Lactococcus, Legionella, 
Azotobacter, Brucella, Citrobacter, Salmonella, Flavimonas, Edwardsiella, Acinetobacter, 
Pseudomonas, Deinococcus, FranciseUa, Comomonas, Hafnia, Budvicia, A1caligene, 
Enterobacter, Pediococcus, Actinobacillus, Listeria, Sporosarcina dan Ensifer. 
Walaubagaimanapun, kajian lanjut periu dijalankan untuk menentukan spesies bagi setiap 
pencilan. 
Kata kunci: bakteria, kolam air tawar 
....................--------------------------------~-------------- ­
1.0 INTRODUCTION 
Microorganisms are diverse and can be found in any part of the world. They play 
important roJes in maintaining the balance of the nature. For instance, many microorganisms 
are able to capture light and subsequently convert the light energy into molecules that can be 
used by other organism as food (Black, 2005). Besides that, they also help us in decomposing 
dead organism, organic waste and even waste from industrial. By decomposing these 
materials, they are producing nitrogen that will be used by plants (Black, 2005) and prevent 
the accumulation (locked up) of chemical substances (Talaro, 2005). About 120 years ago, a 
well known microbiologist Louis Pasteur did mention that "life would not long remain 
possible in the absence of microbes" (Talaro and Talaro, 2002). It is the fact that all lives in 
the earth, needs each other for the survival. Human have been using microorganism for a very 
long time to improve their life and create many new products based from microorganism such 
as wine fermentation, bread production and many more. The major groups of organism are 
bacteria, algae, fungi, viruses and protozoa (Black, 2005). 
Prokaryote can be classified into two groups that are bacteria and archaebacteria and 
placed under kingdom Monera. According to Talaro (2005) prokaryotes were the first living 
organism in the earth for about 3.5 billion years ago based on the fossil record which is stated 
in the timeline evolution history. They are known as pre-nucleus because they do not have true 
nucleus compared with eukaryotic cells. They are not only differ in the absent of nucleus, but 
prokaryotes also lack of organelles such as mitochondria, endoplasmic reticulum, Golgi body 





According to Holt et at., (1994), Kingdom Prokaryotes are divided into four major 
divisions based on the type of cell wall which are Gracilicutes (Gram-negative bacteria), 
Finnicutes (Gram-positive bacteria), Tenericutes (lack a cell wall) and Mendosicutes 
(primitive bacteria). 
Since microorganisms are very ubiquitous, therefore they can exist together with other 
living organisms. According to Eiler and Bertilsson (2004), cyanobacteria bloom refer to the 
situation whereby the growth and activity of cyanobacteria become higher than average and 
their presence could bring harm to the water inhabitants due to the production of cyanotoxin 
and poisonous compound. They have reported that during the cyanobacterial bloom at the 
selected Swedish Lakes, a great quantity of heterotrophic bacteria also present that ranged 
from 1010 to 1011 cells. Harith (2009) had reported cyanobacteria bloom phenomena occur in 
selected freshwater ponds in Serian during June and July annually. In addition, he also 
reported some of the ponds experience bloom almost all year round. However, there is limited 
documentation on bacteria assemblages in Sarawak freshwater pond and this leads to 
incomplete understanding on freshwater ecosystem as a whole. Therefore this study is 
designed with the following objectives: 
i) To isolate bacteria that exists 10 selected freshwater aquaculture ponds 10 
Serian, Sarawak. 
ii) To document bacteria that exists within water column in selected freshwater 
aquaculture ponds in Serian, Sarawak. 
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2.0 UTERATURE REVIEW 
2.1 Prokaryotes 
Edward Chatton was the first person that proposed the tenn eukaryotes and 
prokaryotes during 1937. Prokaryotes have lack of nucleus thereby 'pro' means primitive 
(Alcamo, 1997). They are abundant and can be found anywhere in the ecosystem such as in 
water, soil, air and even in other organism body due to their small size and simplicity in 
organization (Talaro and Talaro, 2002). They can multiply in a vast number acquiring only a 
little time. Therefore their species were still able to grow in a big number and have the 
capacity to tolerate in extreme environment (Rheinheimer, 1992). Examples of aquatic 
inhabitats are genera Aeromonas and Plesiomonas. Aeromonas was considered as etiological 
agent and it always being relates with water borne and food borne outbreaks. Usually it will 
cause infection at skin, soft tissue and aspiration pneumonia to those that have contacted with 
contaminated water or after flood (Ghengesh et al., 2008). Plesiomonas shigelloides reported 
to cause a few number outbreak of sporadic and epidemic gastroenteritis and it shows higher 
incidence in raw water samples during wanner seasons (Pilar and Garcia, 1997) 
Heterotrophic bacteria is a group of bacteria that require organic carbon source from 
other organism such as plant and animal tissues (Oxford Dictionary of Biology, 2004) or they 
are known as feeders on others (Tortora et al., 2007). And the breakdown of the organic 
substance is subsequently synthesized to produce organic material needed by the organism 
(Oxford Dictionary of Biology, 2004). The importance of heterotrophic bacteria in natural 
aquatic environment is they help in build and construct dynamic food web and biogeochemical 
cycles. They breakdown organic food and return the waste as nutrient in other fonn such as 
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nitrogen. At the same time, they act as marker to monitor increase in environmental organic 
pollution. (Gonzalez, Paranhos and Lutterbach, 2006). 
2.2 Characteristics of Prokaryotes 
--C8p8ule 
..;:.:;;.~~-+-Cytoplasm 
Inclualon ----"''''''c:=-'----''J --++---C-r-- Cell wall------­
~.~~:!""9'Y_-- Plasma membrane ------:! 




Figure 2.0 : Structure of bacteria cell. Adapted from 
http://diverge.hunter.cuny.eduJ-weiganglImages/04-06yrokaryotic_ljpg 
2.2.1 Size, shape and arrangements. 
They exist in various size ranges from 0.2 to 2.0 11m in diameter and from 2 to 8 ,11m in 
length (Tortora et aI., 2007). 
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2.2.2 Glycocalyx (sugar coat) 
Glycocalyx is the substance secreted by prokaryotes on the surface that made of 
polysaccharides, polypeptides or both. When it is attached to the cell wall, it is known as 
capsule and if it loosely attached it is known as a slime layer (Tortora et at., 2007). Slime layer 
is actually preventing the loss of water and nutrient from the cell . Glycocalyx is sticky and 
surround the cell that acts as a protector to the cell and some of them help the cell to adhere to 
its environment (Talaro and Talaro, 2002). Most of encapsulated bacteria are cover by capsule 
and they show high pathogenicity (Talaro and Talaro, 2002) because the capsule protects them 
from phagocytosis (Tortora et at., 2007). Refer to Figure 2.0 
2.2.3 FlageUa 
Flagella (Fig 2.0) is a long filamentous appendages which involve in bacteria's 
locomotion (Talaro and Talaro, 2002) and their diameter may vary from 12 to 30 nm (Volk, 
1992). 
2.2.4 Fimbriae and pili 
They are differing from flagella since they are not involve in the locomotion and they 
are shorter, straighter and thinner. According to Tortora et at. (2007), their functions are 
basically used for attachment and sex mode (conjugation pili). Conjugation pili are found only 




is longer and sparser appendages whereas fimbriae is shorter. The component of each is vary 
but most contain protein. (Refer to Figure 2.0) 
2.2.5 Cell wall 
Function of cell wall is to give rigid structure that will maintain the cell shape and at 
the same time protect them from adverse changes of the outside environment. In some cases, 
the cell wall helps the bacteria to have ability to cause disease and they also act as a site of 
antibiotic actions (Tortora et al., 2007). Cell wall (Fig 2.0) is compose of peptidoglycan 
(murein) which consist of repeating framework of long glycan chain that attach by short 
peptide fragment. Based on the structure of the cell wall, bacteria can be classified into two 
groups that are Gram-negative and Gram-positive. These two groups can be distinguished by 
using Gram's staining which was developed by Hans Christian Gram a few hundred years ago 
(Talaro and Talaro, 2002). 
2.2.5.1 Gram-Positive Cell Wall 
They consist of many layers ofpeptidog]ycan, forming a thick, rigid structure, (Tortora 
et 01., 2007) the thickness is about 20-80 nm and 60 to 80 percent of peptidoglycan (Volk, 
1992). Talaro and Talaro (2002), mentioned that the cell wall is tightly bound acidic 
polysaccharides that is teichoic acid and lipoteichoic acid. Function of these molecule is to 




to the acidic charge on the cell surface. When conduct Gram's staining, the cell wall will 
appear in purple or blue stain due to the thickness of peptidoglycan. 
2.2.5.2 Gram-Negative Cell Wall 
Their structure is more complex because it contains an outer membrane, thinner shell 
of peptidoglycan and extensive space surrounding the peptidoglycan. The construction of 
outer membrane is similar to the cell membrane but the difference is that it contains 
specialized types of polysaccharides and protein (Talaro and Talaro, 2002). The differences 
between Gram-negative and Gram-positive cell wall is that the Gram-negative do not have 
teichoic acid and their peptidoglycan is not thicker as Gram-positive. Because their 
peptidoglycan is not thick, they are more susceptible to mechanical damage. After Gram's 
staining take place, the cell wall will appear in pink or red stain (Tortora et ai., 2007). 
2.3 Bacteria assembJages during cyanobacterial bloom 
According to research carried out by Eiler and Bertilsson (2004) heterotropic bacteria 
community found to be associated with cyanobacterial bloom in four Swedish lakes. They 
apply both terminal-restriction fragment length polymorphism (T-RFLP) community 
fingerprinting and high-throughput T-RFLP screening and sequence analysis of large 16S 
rRNA clone libraries. The associated non-cyanobacterial assemblages found were mostly 
from the Divisions of Bacteroidetes, Protobacteria, Actinobacteria. Firmicutes, 
Planctomycetes, Acidobacteria or Fibrobacteria. The common bacteria division found in the 
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four Swedish lakes is from Bacteroidetes. Based on the research, it shows that there was a 
tight relationship between primary producer ( cyanobacteria) and heterotrophic bacteria 
whereby the actively growing cyanobacteria is actually produces dissolved organic substances 
and eventually used by heterotrophic bacteria (Eiler and Bertilsson, 2004). 
According to study carried by Rapala et al. (2002), they found that the concentration of 
endotoxin of 26 axenic cyanobacterial strains derived from different genera showed low 
endotoxin concentration. However when they are using water bloom sample, they obtained 
high endotoxin concentration therefore they believed that this is due to the presence of Gram 
negative bacteria that associated with the bloom. 
Hube et al. (2009), reported that Porphyrobacter and Roseobacter which also known 
as aerobic anoxygenic phototrophic bacteria (AAnP) living in associates with cyanobacterial 
mats. However the type of their association is not yet discovered. They were known as AANP 
bacteria because they have the ability to live mainly heterotrophically in an aerobic 
environment~ but nevertheless were able to conduct anoxygenic photosynthesis using 
photosynthetic mechanism. They conclude that the AAnP were able to express their pigments 
when they live in association with cyanobacteria. Besides that, the pigments can be extracted 
from cyanobacterial cultures for further analyses. 
The genus Muricauda which belong to heterotrophic bacteria group has been 
successfully isolated from Wadden Sea and Hwajinpo Beach and this microorganism have 
special appendages that allowed them to attach to substratum. Some of their relatives were 
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reported to coexist with filamentous cyanobacteria (Hube et aI., 2009). Yoon et al. (2005), 
reported that they were successfully isolated two Muricauda species from salt lake Hwajinpo 
Beach. Each namely as Muricauda flavescens sp. nov. and Muricauda aquimarina sp. nov. 
Genus Muricauda belong to the family of Flavobacteriaceae within Cytophaga­
Flavobacterium-Bacteroides. They are facultative anaerobic or strictly aerobic and their 
optimal growth temperature is between 20 and 300 e or between 30 and 37°e (Bruns et al., 
2001). Rube et aI. (2009), stated that with the present of heterotrophs bacteria, cultivation of 
cyanobacteria is easier. When the concentration of heterotrophs was reduced, cyanobacteria 
culture usually cannot survive and eventually die (Hube et aI., 2009). 
There are many type of interactions occur between cyanobacteria and their associated 
prokaryotes such as symbiosis and mutually-beneficial association (Salomon et aI., 2003). For 
example, positive bacterial chemotaxis take place between Anabaena oscillatorioides 
heterocyst with its associated bacteria that result in the enhancement of nitrogen fixation by 
the cyanobacteria (Salomon et al., 2003). Besides that, negative interaction also take place and 
shows algicidal activity towards both filamentous and colonial cyanobacteria species (Manage 
et al., 2000). However, it is still not clear whether these negative interaction are species­
specific or not because according to Sallal (1994), two Flexibacter strains which were isolated 
from sewage treatment facility were able to kill selected cyanobacteria namely Anacystis, 
Anabaena, Nos/oc, Oscillatoria and Lyngbya. In contrast, those two strains had no effect on 
Plectonema. 
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Scientists have isolated three enzymes which released by bacteria that co-exist with 
cyanobacteria which have the ability to degrade the toxin of cyanobacteria into harmless 
compound (Kreuzer and Massey, 1998). The first enzyme known as Microcystinase and 
responsible for the hydrolytic cleavage of the ring structure of microcystin-LR at the Adda­
arginine peptide bond. The identified microcystin-degrading-organism that has been identified 
producing Microcystinase was Sphingomonad. However there is a limited study on the 
application of this microorganism as biological treatment for efficient removal of microcystin 
since there is no certainty that this method did not produce any toxic biodegradation by 
products (Ho et al., 2007). Based on research carried out by Bourne et al. (1996) and Harada 
et al. (2004), they reported that they have identified two intermediate products through 
degradation process of microcystin-LR by Sphingomonas sp. ACM-3962 and Sphingomonas 
sp. B9. They were linearised microcystin-LR and tetrapeptide and both of these intermediates 
was claimed to be less active compared to the parent chain. The second enzyme is bacterial 
serine protease that breakdown the linearised microcystin-LR into tetra-peptide (NHrAdda­
isoGlu-Mdha-Ala-OH). Whereas the third enzyme is metaloprotease that will continue the 
process of breaking down the tetra-peptide into smaller peptides and amino acids. Between 
linear (acyclo) and cyclic form of microcystin-LR, the cyclic form shows high toxicity 
compare the linear form (Ghimire, 2007). An alkaline protease enzyme was successfully 
isolated from Pseudomonas aeruginosa by Takenaka et at. (1997), a pyochelin and pyocyanin 





There is a new method being implemented to control the toxicity of cyanobacteria by 
using predatory bacteria, where this method involves the lysing of cyanobacteria cell. A 
cyanobacteriolytic bacteria, Bacillus cereus produce a non-proteinaceuos compound which 
shows ability to lyse Microcystis. Besides that, a group member related with Xanthomonas 
also has the ability to lyse Anabaena and Oscillatoria. This new biocontrol method IS 
preferable compare to chemical method such as copper sulfate, alum and lime and phenolic. 
According to Hoppe (1981) cited in Salomon et at. (2003), there were tremendous 
nwnber of bacteria associated with Baltic Sea N.spumigena. A filamentous cyanobacteria 
which were reported contain crucial carbon source for higher tropic level. Solomon et al., 
(2003) reported that there is less research conduct to identify the bacterial community 
associated with Baltic Sea N.spumigena and other cyanobacteria using 16S rRNA gene 
sequencing and there are no data regarding to the effect of associated bacteria flora on Baltic 
Sea N.spumigena. Therefore, they were focusing to isolate and identify bacterial strains 
associated with N.Spumigena filaments in Baltic Sea and to investigate the effects of these 
isolate bacteria on the growth of N.spumigena strain. Solomon et al. (2003), has successfully 
identified Brevundimonas, Paracoccus, Mass ilia, Psychrobacter and Shewanella which were 
the genera found to be closely matched with Baltic Sea N.spumigena. The most abundant 
species found were from gamma Proteobacter genus Shewanella. 
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3.0 MATERIALS AND METHODS 

This section covers six subsections namely sampling site, water sampling, medium 
preparation, sample processing, bacterial identification and data analysis. 
3.1 Sampling site 
The water samples were collected from 2 different ponds AP5 and AP12 at Indigenous 
Fisheries Research and Production Centre, Tarat Inland Fisheries Division, Serian. (Table 3.0) 
During the collections of water samples, green bloom were observed and with the help of 
phycologist, among the cyanobacteria species exist were Anabaena sp., Microcystis sp. and 
Cy/indrospermopsis sp. Based on personal communication with Assistant Fisheries Officer in 
charged, these two ponds experience algal bloom almost all year around. 
Table 3.0: Brief description on AP5 and AP12 ponds involved in this study. 
Ponds GPS Reading (GpsMap 60CSX, Brief Description 
Gannin) 
NOlO 11.721' 
AP5 Among the cultured fish were Tapah, EI100 31.522' 
Lapang, Baung and Putih. 
N 01 0 11.686' 
AP12 Among the cultured fish were Baung E 1100 31.447' 




3.2 Water sampling 
Water samplings have been carried out twice on 18th August 2009 and 9th December 
2009. The surface water samples were collected using 2 falcon tubes (5 ml) from AP5 and 
AP12 respectively. Samples were then kept cool in cooler box and immediately transported 
back to Unimas laboratory. 
3.3 Medium preparation 
Two types of medium were prepared (liquid and agar medium) which were used for 
enrichment and growth. 
3.3.1 Liquid medium 
The liquid medium being used was nutrient broth for enrichment purposes. The 
nutrient broth powder was prepared following the manufacturer's protocols. A well dissolved 
nutrient broth solution were then poured into bijoux bottles and then autoclaved at 1200 e for 
20 minutes. For storage, the medium were stored in 4°e fridge. 
3.3.2 Agar medium. 
Nutrient agar was used for cultivation purposes. The solution was prepared according 
to the manufacturer's protocols and autoc1aved using Hirayama HVE-50 at 1200 e for 20 
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minutes. Then the media was poured into sterile petri dishes about 4mm thickness each. Each 
ofthem was sealed using parafilm to prevent contamination and stored in 4°C fridge. 
3.4 Sample processing 
3.4.1 Sample enrichment 
For water sample taken on 18th August 2009, 1 ml of the water sample was pi petted 
using sterile pipette into nutrient broth. The replicates for AP5 and AP12 were 5 respectively. 
Then they were incubated using shaker incubator (Ecotron) at 37°C 120 rpm for 24 hours. 
Besides doing the enriched culture, direct water sample (original) was also spread onto 
nutrient agar and incubated at 37°C for 24 hours. 
For water sample taken on 9th December 2009, 1 ml of water sample was pipetted 
using sterile pipette into nutrient broth. The replicates for AP5 and AP12 were 2 respectively. 
Same as procedures before, direct water sample (original) was also spread onto nutrient agar. 
3.4.2 Producing pure culture 
For the enriched culture, 100111 of the sample was pipetted onto nutrient agar and 
spread using sterile Z-loop and incubate at 37°C for 24 hours. Whereas for original water 
sample, those well isolated colonies which grow on the nutrient agar were isolated and 
streaked onto new nutrient agar (procedure A). After 24 hours incubation, procedure A was 
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storage at 4°C. 
loS Identification 
nIpeated for the enriched culture. Each well isolated single colony that grow were streaked 
onto slant nutrient agar in bijoux bottles and incubated at 37°C for 24 hours and followed by 
These stock cultures will continuously be used during the experimental 
Bacterial identification was carried out based on Bergey's Manual of Detenninative 
Bacteriology 9th ed (1994). All isolates were subjected to the following ten procedures: 
3.5.1 Gram staining 
Gram staining was carried out to distinguish Gram negative and Gram positive cell 
wall. Through this procedure, the shape of the microorganism was also detennined. The 
procedure was adapted from Tortora et at. (2007). Photographs were captured and kept as 
records. 
3.5.2 Endospore stain 
Endospore stain was carried out to detennine the existence of endospore. It was based 
on Schaeffer-Fulton method. 
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Oxidase test 
Oxidase activity was detennined by using oxidase reagent (Corning Incorporated). The 
one that give rise to blue colour was considered as oxidase positive (Ghimire, 2007). 
Catalase test 
Catalase activity was tested by adding a drop of 3% H20 2 to a single colony and was 
RICOrded as positive when development of bubbles was observed (Macfaddin, 2000). The 3% 
H2~was prepared by diluting 100% H202. 
3.5.5 Citrate test 
Simmon Citrate media was employed to detennine whether the culture use citrate as 
sole carbon source. The media was prepared according to the manufacturer' s protocols. Fresh 
culture was inoculated and spread into the slant agar using loop wire. Then incubation took 
place for 24 hours at 37°C. During the incubation period, the cap was loosened to supply 
oxygen. Result was considered as positive when intense blue colours fonned whereas 
negative results were considered as no colour change (Macfaddin, 2000). 
6 Voges-Proskauer test 
MR-VP broth was prepared according to the manufacturer' s protocols. Approximately 
mI of solution was poured into each universal bottle and followed by autoclaved at 120°C 
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20 minutes. After the media has cool down, fresh culture was inoculated using sterile loop 
and incubated using shaker incubator for 48 hours. After 48 hours, the media was divided 
two and placed into another universal bottle. For Voges-Proskauer test, a few drops of 
Barrit reagent (Barrit A and Barrit B) were dropped accordingly into the media. Any colour 
'ebllllle8 took approximately 20 minutes. The bottles need to be shaken gently to expose the 
'8 to atmospheric oxygen to oxidize any acetoin present to diacetyl. Positive reaction 
occ:unM when the media change colour to red (Macfaddin, 2000). 
3.5..7 Methyl Red test 
Methyl red test was continuation from Voges-Proskauer test. Another media in 
universal bottles which had been divided earlier was used for methyl red test. Methyl red pH 
indicator was added and immediate colour change to red was observed for positive result. 
Whereas negative result shows no colour change (Macfaddin, 2000). 
3.5.8 Motility test 
S.I.M media was employed for motility test. Media preparation followed 
manufacturer's protocols. The media was poured into screw cap tubes approximately 3 ml 
each and then autoclaved at 120°C for 20 minutes. The media need to be solidified in upright 
position. Fresh culture was inoculated and stab into the media agar using sterile straight wire. 
Then, the culture was incubated at 37°C for 24 hours. Positive motility was indicated by the 
turbidity of the media and dispersion along the stab. 
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ladoletest 
Indole test was continuation from motility test. A few drop of Kovac's Indole reagent 
added into the previous S.I.M media. Positive reaction was indicated by colour changes of 
8 Triple Sugar Iron Agar (T.S.I-agar) 
The media preparation followed the manufacturer's protocols. The media was poured 
approximately 4 ml into test tube and then autoclaved at 1200 e for 20 minutes. Then, it was 
solidified in slanted position. Fresh culture was inoculated and stabs into the media agar using 
sterile straight wire and followed by streaking on the slant surface of the agar using the same 
wire. After that, the media was incubated at 37°e for 24 hours. Phenol red that act as pH 
• 'cator will detect the degradation of sugar an production of acid, which changes its colour 
ftom red-Olange to yellow or on alkalinization it turns deep red. The production of H2S was 
shown by production of blackening along the stab (Macfaddin, 2000). 
Data Analysis 
Staining and biochemical tests data obtained throughout this study was presented in the 
Table 4.1. Analysis of the data was based on the presence or absence of the component that 
being tested. Determinations of microorganisms were carried out accordingly. 
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